We prepared mouse hybrid cell lines which produced antibodies against herpes simplex virus type 1 and 2 nucleocapsids. Cell lines 1D4 and 3E1, respectively, secreted immunoglobulin Gl herpes simplex virus type 1 and immunoglobulin Gl herpes simplex virus type 2 antibodies which immunoprecipitated proteins designated p40 and p45 from homologous nucleocapsid preparations but precipitated no proteins from heterologous preparations. In contrast, guinea pig antisera prepared against either herpes simplex virus type 1 or 2 p40 precipitated p40 and p45 from both homologous and heterologous preparations. These findings suggest that p40 and p45 possess similar antigenic determinants and that the monoclonal antibodies that were tested reacted preferentially with the homologous determinants.
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A polypeptide of about 40,000 molecular weight (p40) is a major component of the nucleocapsids of herpes simplex virus type 1 (HSV-1) and type 2 (HSV-2) (2, 4) . This protein is found in disulfide-linked complexes in a species of intranuclear nucleocapsids which contains viral DNA (4, 11) , but is present in much smaller amounts in a species of nucleocapsids partially deficient in DNA (2, 4) . Previous studies employing competition immunoassays suggested that the p40's of HSV-1 and HSV-2 are antigenically distinct, since antibodies reactive with at least two determinants (type specific and crossreactive) are elicited after HSV-1 or HSV-2 immunization of guinea pigs or natural human infection (4) . One method for directly demonstrating the existence of antibodies with distinct specificities has been made feasible recently by procedures which allow for the selection of cells producing monoclonal antibodies that react with single antigenic determinants (5, 6 (7, 9, 10) . In this report we demonstrate the application of monoclonal antibodies to the immunological analysis of HSV p40.
To prepare hybrid cell lines for this study, HSV-1 (MAL strain) and HSV-2 (MS strain) nucleocapsids purified as described previously (4) (10) . After fusion, the cell suspension was distributed into wells of MicroTest II plates (BBL Microbiology Systems, Cockeysville, Md.), and hybrid cells were selected and cloned as described previously (10) . The presence of antibodies in the culture fluids was tested by the antibody-binding assay of Nowinski et al. (10) . Briefly, purified nucleocapsids (2.5 Mg of protein in 50 ul of 0.05 M sodium carbonate-bicarbonate buffer, pH 9.6) were adsorbed to each well of MicroTest II plates overnight at room temperature in a humidified chamber. The wells were then incubated with 5% bovine serum albumin in phosphate-buffered saline, pH 7.2, before testing for antibody. Culture fluids from cloned hybrid cell lines were then added, followed sequentially by rabbit antimouse immunoglobulin G, immunoglobulin A, and immunoglobulin M (Behring Diagnostics, Somerville, N.J.) and '25I-labeled protein A (100,000 cpm in 50 IlI of phosphate-buffered saline per well). During the intervals between these incubations, the wells were washed with 1% bovine serum albumin in phosphate-buffered saline and finally with phosphate-buffered saline to remove unbound "2'I-labeled protein A. Immune reactions were detected on autoradiographs prepared by exposing the plates to Kodak NS-2T film and Kodak X-Omatic intensifying screens at -70°C for 24 h.
In the experiment for the isolation of cells producing anti-HSV-1 antibodies, only 1 out of 96 growing hybrid cell cultures produced such antibodies. In the HSV-2 experiment, 6 out of 117 growing cultures produced antiviral antibodies. The antibody-producing cultures were cloned, and immunodiffusion analysis revealed that one cell line produced immunoglobulin Gl HSV-1 antibodies and two cell lines synthesized immunoglobulin Gl HSV-2 antibodies. Two of these clones secreted antibodies which immunoprecipitated nucleocapsid polypeptides; there-NOTES 677 fore, these cultures were propagated further, and their antibodies were used in additional studies (see below).
The nucleocapsids of HSV-1 and HSV-2 contain five major and six or seven minor protein components (Fig. 1) (2, 4) . The protein patterns of both types of nucleocapsids, demonstrated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis analysis, are very similar. However, HSV-2 p40 and p45 (a minor protein of about 45,000 molecular weight) are slightly larger than their HSV-1 counterparts. The antibodies synthesized by clones 1D4 (anti-HSV-1) and 3E1 (anti-HSV-2) precipitated p40 and p45 from homologous antigen preparations, but precipitated no proteins from heterologous preparations (Fig.  1) . This indicates that antibodies produced by each clone react with a type-specific antigenic determinant present on both p40 and p45. The type specificity of the monoclonal antibodies (11) Mass.) serving as molecular weight standards: phosphorylase B (92,000); bovine serum albumin (68,000); ovalbumin (43,000); carbonic anhydrase (30,000); cytochrome c (12,000). The presence ofp155 in the immunoprecipitates was due to its insolubility, since it was also present when no immune serum was used (data not shown).
was confirmed by reacting them with antigen preparations from three different HSV-1 strains (MAL, 14-012, and Miyama) and three different HSV-2 strains (MS, 333, and Savage) (data not shown). In contrast, guinea pig antisera prepared by immunizing animals with either HSV-1 or HSV-2 p40 (4) precipitated p40 and p45 from both homologous and heterologous nucleocapsid preparations, confirming that these sera contain antibodies which react with cross-reactive antigenic determinants. Control nonimmune guinea pig serum did not precipitate any nucleocapsid proteins (data not shown).
The results shown in Fig. 1 indicate that p40 and p45 of HSV-1 and HSV-2 possess similar antigenic determinants. The partial peptide maps of p40 and p45 are also very similar (Zweig et al., manuscript in preparation), which is consistent with the immunological data. The p45 protein may be an altered form of p40; i.e., it may represent a precursor or a product of cleavage or phosphorylation reactions involving p40. Gibson and Roizman (3) have reported that a nucleocapsid protein of about 40,000 molecular weight (designated protein 22a) may undergo such processing. We have previously presented evidence that p40 is the same as protein 22a (4) .
The isolation of hybrid cell lines which produce monoclonal antibodies against HSV-1 and HSV-2 should allow rapid typing of virus isolates. These monoclonal antibodies may also prove useful as competing antibodies to human serum samples in type-specific immunoassays for seroepidemiological analysis. We are now attempting to make hybridomas which produce antibodies to the cross-reactive determinants of p40 and p45. Since guinea pig antisera against HSV-1 and HSV-2 p40 also react with SA8 virus (4) and bovine mammillitis virus antigens (Zweig et al., manuscript in preparation), monoclonal cross-reacting antibodies may be extremely useful in grouping herpesviruses into families and in mapping evolutionary conserved regions of p40 and other herpesvirus-specified polypeptides.
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